Purpose: Although the prepubertal immune system cannot recognize postmeiotic germ cell antigens, an overall 21 to 28% incidence of antisperm antibodies directed at these antigens has been reported preoperatively in prepubertal children with cryptorchidism and other inguinoscrotal anomalies. We investigated the prevalence of antisperm antibodies in these prepubertal patients before and after surgery.
Paradoxically, serum antibodies reacting with motile spermatozoa have been reported preoperatively in children subjected to surgery for cryptorchidism or inguinoscrotal anomalies before puberty.1-3 I n fact, the sperm surface antigens involved in this type of reaction are lacking in the immature testis and have only been found in postmeiotic germ cells.* Under normal conditions these antigens are considered to be sequestrated behind the blood-testis barrier(s). Therefore, the question arises as to how the prepubertal immune system in children with cryptorchidism and other surgical inguinoscrotal anomalies recognizes differentiation antigens that are absent and, therefore, unknown and nonexistent until mid puberty.
While some infertile adults operated on in childhood for cryptorchidism5 or inguinal hernia6 have clearly elevated antisperm antibodies, controversial results are reported postoperatively in prepubertal boys undergoing the same operations.' Experimental data support the appearance of antisperm antibodies only after puberty in normal7 and in vas deferens obstructed rats.8 Mechanisms of damage on the testis and the vas deferens eliciting a n antisperm antibody response following puberty may include abnormal localization of the testis or mechanical obstruction of the vas deferens with leakage of mature sperm antigens during surgical repair of cryptorchidism and inguinoscrotal anomalies. Antisperm antibodies could also be evoked from testis fixation to the scrotum during orchiopexy.
We designed a prospective study to verify antisperm antibodies in prepubertal boys with cryptorchidism or anomalies of the inguinoscrotal region preoperatively and postopera- 
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tively. For unexpected antisperm antibodies found before puberty, we attempted to determine whether the dartos pouch technique of simply manipulating the vas deferens without disrupting the blood-testis barrier, or surgical correction of hernia, hydrocele, varicocele, spermatic cord cyst and hypospadias could trigger or modify the level of circulating antisperm antibodies. If antisperm results were positive we would be able to discriminate between the risk of these operations and a n ongoing effect of the underlying pathology of cryptorchidism. A group of infertile adults operated on in childhood for cryptorchidism and/or inguinal hernia were examined simultaneously as positive controls for comparison.
MATERIALS AND METHODS
This study included 82 boys 0.6 to 13.2 years old, including 33 with unilateral cryptorchidism, 21 with inguinoscrotal disease and 28 who were normal. Normal boys were derived from the general population as well as from patients hospitalized for correction of a minor anomaly unrelated to the inguinoscrotal region. Age range was younger than 5 years in 15 patients with cryptorchidism, 9 with inguinoscrotal anomalies and 13 who were normal, 5 to 9 years in 7 with cryptorchidism, 7 with anomalies and 6 who were normal, and older than 9 in 11 with cryptorchidism, 5 with anomalies and 9 who were normal. The types of inguinoscrotal anomalies associated with age are given in table 1.
Inclusion criteria consisted of no individual or family history of autoimmune or other systemic diseases, allerges or asthma, no vaccinations during the previous 2 months, no infection or medication during the previous 3 weeks and no pathological conditions on physical examination. Boys with surgical complications within 2 years postoperatively, such until the time they were tested together. Parent permission was obtained for the extra blood drawn during preoperative testing. Families were informed about the goals of the study and agreed to visit the hospital for 2 additional annual venipunctures. For comparison we examined 183 serum samples from infertile men 21 to 47 years old operated on for unilateral cryptorchidism (471, inguinal hernia (125) or both conditions (11) during childhood. Infertile adults with a history of medically treated cryptorchidism or retractile testis were not included in this study.
Serum antibodies were evaluated by the indirect Immunobead test as described by Clarke.9 Briefly, 50 pl. selected sperm suspension containing 2 x lo7 motile spermatozoa were incubated for 1 hour at 37C with 100 p1. sera samples diluted at 1:lO. After 2 washings the sperm cells were resuspended in 50 pl. Tyrode solution containing 1 mg./ml. bovine serum albumin (fraction V). Then 10 p1. of this suspension were placed on a glass slide, mixed with the same volume of anti-IgG, anti-IgA or anti-IgM immunobeads prepared as previously described,lo and covered with a 22 mm. coverslip. After 10 minutes of incubation in a moist chamber at room temperature, the percentage of motile spermatozoa coated with immunobeads was scored using phase contrast optics a t 400X magnification. Immunobead binding to at least 20% of spermatozoa was used as the cutoff for a positive antisperm antibody binding, based on the low level of nonspecific binding (less than 10%) found in fertile serum samples.11
RESULTS
Immunobead testing of donor spermatozoa incubated with the preoperative sera of 54 boys with cryptorchidism or inguinoscrotal surgical anomaly and the 28 normal control subjects was negative. In all of these prepubertal children less than 20% of the sperm cells were coated by antihuman IgG, IgA or IgM isotype specific immunobeads. Furthermore, the serum samples obtained 1 and 2 years later were also negative for antisperm antibodies (table 2) .
Of the 183 serum samples from infertile men operated on in childhood for cryptorchidism andlor hernia 7 1 were antisperm antibody positive for the I& isotype, including 12 which were also positive for IgA. Serum titers, defined as the last dilution giving 50 to 60% of sperm immunobead binding, varied from 10 to 5,000 for IgG and never exceeded 20 for 1gA. All infertile adult sera tested were negative for antisperm antibodies of the IgM isotype (table 3) . Antispen antibodies were more frequently present in patients with previous surgical correction of inguinal hernia (49%) than in those previously operated on for cryptorchidism (17%).
DISCUSSION
Our study revealed the absence of sperm membrane specific antibodies as detected by the Immunobead test in prepubertal boys with cryptorchidism as well as the surgical and normal control subjects of similar age preoperatively and within 2 years postoperatively. These negative results rely on the absence of sperm differentiation antigens until puberty. Consequently, these antigens cannot be identified earlier by the immune system.
Our results are in accordance with other studies which detected antisperm antibodies solely after puberty.lZ Steen et a1 reported that IgA antisperm antibodies against antigens localized on the equatorial segment, as detected by an immunoperoxidase assay, were only found after puberty.13 Negative results of the capillary tube agglutination test have also been reported in prepubertal boys. l4 Experimental evidence supports the absence of antisperm antibodies before puberty, as the presence of antisperm antibodies occurs after the appearance of spermatozoa in the lumen of the duct in normal rats. 15 Flickinger et al, using Western blot analysis and enzyme-linked immunosorbent assay (ELISA), reported significant increases in the levels of spontaneously occurring antisperm antibodies only after puberty: and this increase was even more significant in animals with early obstruction of the vas deferens. 8 The appearance of antisperm antibodies after puberty suggests the recognition by the immune system of gamete specific antigens behind the blood-testis barrier(s1. Testicular hyperthermia caused by cryptorchidism may affect the bloodtestis barrier, thus allowing immunoreactive cells to cross the barrier16 and recognize the mature sperm antigens after puberty. Obstruction of the male ducts can occur in prepubertal boys due to developmental defects of the epididymis often associated with cryptorchidism, injury to the vas deferens during surgical repair of cryptorchidism or manipulation during inguinal surgery in childhood. The subsequent high back pressure in the lumen may result in rupture and leakage of sperm antigens which can contact the immune system. Also, it has been suggested that simple injury without complete obstruction of the immature vas can produce antisperm antibodies.17 Direct iatrogenic rupture of the blood-testis barrier is also possible when orchiopexy with transparenchymal fixation of the testis to the scrotum is performed instead of the dartos pouch technique. Also, following puberty physiological changes of the blood-testis barrier, such as increased permeability and transepithelial transport,l8 may contribute to increased sperm antigens in the immune system. Finally, with advancing age changes in local immunosuppressive mechanisms might occur. 19 A clear distinction should be made between antibodies elicited by sperm surface antigens and those reacting with sperm endocellular antigens which frequently cross-react with bacterial and other epitopes. Only sperm surface antigens, as detected by Immunobead, tray agglutination and gelatin agglutination tests are of clinical value because during in vivo fertilization the sperm membrane remains intact until the acrosome reaction.20 However, most of the antisperm antibodies reported before puberty had been detected by techniques using fixed spermatozoa (ELISA, immunoflu- __ ~ IgA Pos * 2 14) 9 17) 
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More than or equal to 2 0 1 sperm coated with beads There were no IgM positive results orescence) or whole sperm protein preparation (ELISA, immunoblotting). Such naturally occumng antisperm antibodies were detected by ELISA in prepubertal normal children21 as well as in prepubertal boys with pathological gonads." In fact these antibodies were found to cross-react with ubiquitous microorganisms,"' lymphocytes and other cells.'" Nevertheless, unexplained antisperm antibodies have been reported before puberty with techniques using motile spermatozoa. Lenzi et a1 found 1 3 0 antisperm antibodies in patients with cryptorchidism by tray agglutination and gelatin agglutination tests but in lower titers than those they considered as clinically significant.' Equivalent or lower titers were found in controls with hernia and hydrocele. Antisperm antibodies were higher in children previously operated on but few subjects were followed individually. A possible cross-reaction with bacterial and other antigens has been suggested to explain the mechanism of prepubertal immunoreaction against spermatozoa. Mininberg et al, using the Immunobead test, reported a preoperative incidence of 25% of IgG, IgM and IgA antisperm antibodies in patients with cryptorchidism, 33% in those with inguinoscrotal anomalies and 4% in controls.' These results were based on the assumption that adult sperm share common epitopes with prepubertal germ cells and incomplete maturation or closure of the blood-testis bamer produces antisperm antibodies in these cases. Sinisi et a1 reported 10 and 6% of antisperm antibodies by tray agglutination and Immunobead tests, respectively, in prepubertal boys with genital tract anomalies including cryptorchidism." It has also been argued that these pathological conditions may affect the blood-testis barrier. Specificity of these antibodies was based on the presumed rarity of antisperm antibodies in children with malignant diseases (5%) and their absence in normal controls. Unlike the aforementioned studies, we applied strict inclusion criteria to all annual venipunctures to avoid detectable cross-reactions that could influence the serum antisperm antibody reaction and lead to false-positive results.
In contrast to children, we found positive IgG antisperm antibodies in 17% of infertile men with a history of cryptorchidism operated on in childhood. Other investigators reported 13 and 33% antisperm antibodies by tray agglutinationZ4 and Immunobeadj tests, respectively, in such patients. Infertile adults operated on for inguinal hernia in childhood demonstrated higher antisperm antibody incidence (49%). Similarly, positive rates of the Immunobead test were 54% for IgG and 15% for IgA antisperm antibodies in men with vas deferens obstruction due to childhood inguinal herniorrhaphy. Surgical exploration of 11 of our adult patients with high antisperm antibody revealed lesions of the vas deferens in 6 and epididymal granuloma in 3 (unpublished data). Mechanisms through which these lesions are suspected of evoking high antisperm antibody titers were suggested previously.
CONCLUSIONS
Sperm autoimmunization before puberty is unlikely to occur since spermatozoa or at least their postmeiotic precursors are not present in descended or undescended testis. That there are naturally occurring antibodies to adult sperm surface antigens in prepubertal boys must not be assumed when strict inclusion criteria are applied to avoid fah-positive results. Antisperm antibodies are absent in children with an anomaly of the urogenital tract preoperatively. The possible underlying risk of cryptorchidism, orchiopexy technique and manipulations of the vas deferens for antisperm antibody genesis should be evaluated after puberty. In contrast to children the presence of antisperm antibodies is expected in infertile adults with a history of surgical repair of the aforementioned anomalies and after a long postoperative interval. Antisperm antibody eliciting mechanisms in such adults may include impairment of the blood-testis barrier, obstruction of the vas deferens, ongoing testicular alterations and accumulated immunological experience with cross-reacting internal and external antigens.
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